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The  experiments noted in this  paper were undertaken to  test  the 
value of chloroform water for making extracts of the gastric mucosa. 
As material accumulated we became interested in the examination of 
the  stomachs  of various  accessible vertebrates  for  the  milk-curdling 
ferment.  The results show very convincingly that this ferment may 
be considered to  exist  in  all  the  subdivisions  of this  great group  of 
animals.  This conclusion is not presented as an entirely novel proposi- 
tion, but rather as a somewhat detailed confirmation and extension of 
the  work  of  other  investigators.  More  than  twenty  years  ago  the 
wide distribution of the ferment in  question was  established,  in gem 
eral terms, by ttammarsten in  a  notable article in which he showed 
conclusively that milk is curdled by a special ferment in rennet, and 
not  merely by  tile  action  of  an  aeid.t  Hammarsten  says  that  he 
found the  ferment,  or  the  proferment,  in  the gastric  mucous mere- 
brane of every animal examined.  He does not explicitly specify what 
animals were studied,  but the inference may be made that he refers 
only to vertebrates, since he mentions " mammals, birds and fishes."~: 
* Some  supplementary and  confirmatory observations were  also  made  by 
Misses A. F. Blauvelt, H. W. Cadbury, and C. F. McLean. 
't Olof  Hammarsten.  Om  mjSlk-ystningen och  de  dervid  verksamma  fer- 
menterna i  magslemhinnan.  Upsala  L~tkarefSre~ing8 F6rhandlingar,  viii,  1872, 
p.  63;  and  also his own very  full  report of this article  (Ueber die Milchge- 
rinnung  und  die  dabei  wirkenden  Fermente  der  Magenschleimhant)  in 
]~Ialy's Jahresber.  ~tb. d.  Fortschr.  el. Thierchemie,  ii  (Lit.  1872),  118. 
$ Reprint of the Swedish article, p. 16. 
It is perhaps worthy of notice in this connection that a  knowledge of the 
possession of the curdling power by many animals besides the mammals is 
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He  was  able  to  show  that  the  curd]ing  ferment  could  be  extracted 
from  every  gastric  muc0sa  by  means  of  acidulated  water,  while  an 
tury ago, notes that " this is well known to cooks, who, when they have no 
rennet, take the innermost coat of the stomach of a  fowl and  [after washing 
it]  steep it in water; which water, when thus impregnated with the juice of 
the stomach, will serve for turning milk  as well as rennet itself."  Spallan- 
zani  says  that  he  made  such  water  extracts  of  the  stomachs  of  a  great 
variety  of  gallinaceous  birds  and  demonstrated  their  curdling  power.  He 
further  " discovered  that  this  property  belongs  also  to  intermediate  and 
membranous stomachs, by experiments on that of the crow, heron, birds of 
prey, the rabbit, the dog, cat, various reptiles, and several scaly fishes."  He 
also found that dried stomachs, " chiefly taken from the gallinaceous class," 
retained this power for at  least three years.  Spallanzani  believed that  the 
curdling was not due to  an acid, and his method of experimentation would 
seem  to  exclude  the free acid  of the gastric juice.  [Spalianzani.  Disserta- 
tions relative to the Natural  History of Animals and  Vegetables.  New edi- 
tion,  London,  1789, vol.  i,  332-337.  Also  vol.  ii,  702  of  Senebier's  edition: 
Opuscules de physique animale et v~g~tale  (etc.), Parle,  1787.] 
Home, too, observed that milk may be coagulated by rennet made, not only 
from the membrane of the  hog's stomach, but  also  from the  crop and  giz- 
zard  of  a  cock,  or  the  stomach  of  the  shark,  salmon,  and  thornback.  By 
rennet he seems to  mean an  infusion of  the dried membrane.  He  also  had 
positive results with fresh material, using the cardiac portion of a  chicken's 
stomach and  the horny  lining of the  gizzard  or  the cardiac  portion of the 
stomach of the hawk and the turkey.  [Sir E. Home.  Experiments to ascer- 
tain  the  coagulating  power  of  the  secretions of  the  gastric  glands.  Pkil. 
Trans.  Roy.  Soc.  Land.,  1813, p.  96.] 
John Hunter,  too,  in  his "  Observations on  Digestion "  [vol.  iv,  p.  104,  of 
Palmer's  edition  of  his  Works( London,  18371,  says:  "I  have  found  this 
coagulating power in the stomach of every animal that I  have examined for 
that purpose; from the most perfect down to reptiles [meaning, according to 
Owen's note, probably 'creeping things,' as insects and worms]; and  in the 
appendages which I  have considered as only reservoirs preparatory to diges- 
tion  (as the first stomach in the ruminating animal, and the crop in birds), 
I  have  discovered  no  such  power."  It  is,  however,  not  improbable  that 
Hunter refers only to the action of such liquid as he found in these stomachs 
even when digestion was not going on. 
Tiedemann  and  Gmelin  [Die  Verdauung  nach  Versuchen,  18261 mention 
the experiments of the writers quoted above as well as those of Verrati and 
of R~aumur  (for birds, ii, 131-137),  and of Andry  (for the pike,  ii,  269),  but 
see in them only evidence that the digestive juices contain acid.  This  idea 
that the coagulation  of milk  depends upon  the action of an  acid  continued 
to  prevail down to  the time when Hammarsten showed conclusively that  a 
ferment  is  in  play.  There  was,  however,  plenty  of  other  evidence that  a 
" free "  acid  is  not  esential to  the  clotting process.  This  had  been  shown 
by  Mitscherlich  [see ~¢[ulder:  Vcrsuch e.  allg.  physiol.  Chem., ii,  10151, and 
particularly  by  Selmi  in  a  preliminary  communication  [Recherehes  snr 
l'action  de  la  pr~surc  dans  la  coagulation  du  lair.  Journ.  de  pharrn,  et  de 
chimie  (3),  ix,  1846, 2651, as  well  as  by  Desehamps in  1840. Joseph  W.  Warren  477 
extract  made  with  unacidulated  distilled  water  contains  a  substance 
which does not curdle milk, but which will form the curdling ferment 
when acted upon by very dilute  hydrochloric  acid.  As  a  name  for 
this new ferment "LSpe" was proposed by Hammarsten in his  Swed- 
ish article and "Lab "  in his German abstract.  "LSpe "  and "Lab " 
are, however, as Hammarsten well knew, merely the old names in these 
languages  for  milk-curdling  extracts  made  from  stomachs,  and  are 
the equivalents of the French  "pr~sure "  and  the English  "rennet," 
which  also  mean  the  extract  and  not the  ferment  itself.  Since  the 
recognition  of a  curdling  ferment  became general  various names for 
it have been in use.  In German it is called the Labferment, and this 
term has even been used freely by the most conspicuous French writer 
on  milk  coagulation.  English  usage  has  presented  no  uniformity 
until quite recently.  A  few years ago the best and most facile writer 
on physiological topics in English introduced the word "rennin "  into 
his  admirable  text-book,  and  this  word  has  met  with  considerable 
acceptance.  The only thing that can be said in favor of the word is 
that  the  form  seems  to  permit  the  construction  of  renninogen  to 
describe  the  mother  substance  or  forerunner  of  the  ferment.  Lab- 
ferment  does  not  admit  properly  of  such  a  termination,  and  so the 
form  proferment  or  some  circumlocution  has  to  be  adopted.  :No 
one  has  been  bold  enough  as  yet to  say "Fermentogen "  or  "Lab- 
fermentogen,"  despite  the  catholicity  of  much  of  modern  scientific 
and  especially medical nomenclature. 
It  is  perfectly  possible  to  find  a  suitable  word  for  this  ferment 
analogous in its origin to the names used in describing other ferments 
and having,  in  a sense, the sanction  of our most ancient  professional 
writers.  Such  a  word  is  pexqn, formed  from  the  Greek  ~  (as 
pepsin is formed from  7r~¢~¢), and  used  by :Pages  about  nine  years 
ago.*  There  is  also  another  word,  chymosin,  which  has  a  suitable 
form.  This was proposed many years ago by Deschamps, who recog- 
nized a peculiar substance in the gastric juice as the material on which 
its action  depends.  This  writer  dwells upon  various  peculiarities  of 
chymosin,  and  his  services in  establishing  the essential  conditions  of 
* Pages.  Recherches  sur  la  pexine.  Th~se  de  :Paris,  1888. 478  Milk-Curdling  Ferment in  the  Gastric  Mucous  Membrane 
its  power  apparently  have  not  received  the  recognition  which  they 
deserve.*  He  showed,  for  example,  that  the  curdling  of  milk  by 
what we should now call the ferment may occur in an alkaline medium. 
Chymosin did not meet with favor as a name,  probably because it was 
held by many to be really identical  with pepsin,  which had  been dis- 
covered a short time before. 
There  can be little question that it is desirable to have a good word 
of suitable form as a name for the ferment whose existence is admitted 
despite differences of views as to the manner  in which it acts.  Pexin 
meets all the requirements  of the  case, resembling in structure many 
other  words  used  as  names  of  digestive  ferments  (ptyalin,  pepsin, 
trypsin,  steapsin  or  pialyn)~  and  forming  a  convenient  name  for  the 
forerunner  or  proferment  (pexinogen,  like  pepsinogen  and  trypsino- 
gen)  whose  existence  is  also  generally  accepted.  Pexin  has  an  his- 
torical  advantage  because  of  its  relation  to  words  used  by  ancient 
writers  to  designate  coagulation.  It  will  suffice for  the  purposes  of 
this  article  to  point  out that  such words were used by Galen  in  the 
second  century,  and  also  by Aristotle  and  Hippocrates  perhaps  five 
hundred  years earlier.~  We shall make  use of pexin  and  pexinogen 
* Deschamps.  De  la  pr~sure.  Journ.  de pkarnv,  et des  sc.  access.,  1840,  xxvi, 
412. 
He also found the peculiar material  in the mucous membrane  of  the  glan- 
dular  stomach  of  gallinaceous  birds,  but  not  in  the  crop  or  gizzard.  He 
infers  that  it  belongs  to  the  stomach  of  all  animals,  but  admits  this  to  be 
a  free generalization  (" ne  .  .  .  que par  induction ").  Besides observing that 
milk  is  clotted  by  rennet  even  after  the  addition  of  bicarbonate  of  soda  so 
as to  make  it  alkaline,  Deschamps has also  experiments  which  show clearly 
that  a  feeble  rennet  was  improved  by  the  action  of  sodium  chloride.  He 
really  had  the  evidence  of  the  existence  of  a  proferment,  but  did  not  know 
how  to  interpret  his  results.  There  is  a  fairly  good  abstract  of  the  article 
in Schmidt's Jahrb~cher,  xxix  (1841),  170. 
-~ The  ancients,  as  I  learn  from  those  who  are  more  familiar  with  their 
works,  knew  that  milk  could  be  coagulated  by  certain  plant  juices  and  by 
the  curdled  milk  in  the  stomachs  of  various  sucking  animals.  This  latter 
material  is  the  v:wvia  or  ~r~yffa  which  the  dictionaries  sometimes  translate 
as  "  Lab "  or  "  rennet,"  although  rennet,  in the modern  sense, was probably 
unknown.  The  verb  7ri/y,vl~  is  frequently  used  to  describe  the  curdling  of 
milk  and  the  clotting  of  blood.  Other  verbs  signifying  solidification,  or 
making  firm,  or  stiffening  (as  does  =i]~/w,# )  are  also  used  for  this  purpose. 
The  caseification  of  milk  is  sometimes  more  particularly  designated  by 
rvp~t:,(o. 
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in this  article to  designate the active form of the ferment that  clots 
milk  and  the inactive  form,  or forerunner, respectively.  Should  it 
seem desirable to use pexin for a curdling fermm~t in general we might 
form hmmopexin and galaetopexin* to  designate the different kinds, 
bearing in mind, however, that we have as yet no good reason to con- 
sider these ferments to be in any way related. 
It  is  proper  to  add  here  that  Griitzner~  has found  the  curdling 
ferment in the glands of the ~eSol~hagus of the frog,  but not  in  the 
of the edition by  Kiihn in  1826, may be noted.  In the treatise " De  simpli- 
cium  medicamentorum  temperamentis  ae  facultatibus "  he  has  a  chapter 
(x,  9)  about  cheese which he says he adds to his remarks on  milk  because 
cheese is  coagulated milk  (~.a~a  7~e~l]y6f ~rtv)  [vol.  xii,  p.  269].  In the  same 
chapter he speaks of the  cheese as  separated from the  serum  gar5  v~v  ~tv 
[p.  270].  Other references are:  ~yyvvutv~  )~d'/~aKrt [iv,  632];  7ray~]val re  abrb  ~at 
rvpt~v~va~  Kard  r~v  7a(Tr~pa  [vi,  684];  ~ (~t~t 7vwiaf  ~v~/~vi~flevov [vi,  694];  rvpo~rat  and 
rvpo~aOat  [x, 475]. 
For Aristotle many quotations might be made from sections 5-7  of Bk.  III, 
of the Meteorologica [ed. Bekker,  1831, vol.  i,  382-4]  where  ~¢  and  ~TVV#t 
are used for various forms of solidification, incidentally also for that of blood 
and  milk.  The  following  citations  will  confirm  the  usage:  De  animalium, 
historia,  iii,  5  [Bekker,  i,  515]:  rb  a~/ta..,  trl]?vvrat.  In  the  next  chapter 
[p.  516]  he  compares the  coagulation  of  the  blood  of  some  animals  with 
that of milk:--~art  t~'~t#e)or~p~v aiJrDv ~'] ~ri]~lf ol) arl~pd~  .  . . Ka~d~ep ~ ro~ ~d'~a~rof ~ 5v rt~" 
e[¢ a~r5 rb ~r~ytta tz~] #tfld~2y.  In  chap.  20  he  has  much  to  say  about  milk  and 
its  coagulation  (ya)~a  ~rl]yvvra,)  and  caseification  (rvpeberat  v6  }d~ta), and  he 
mentions explicitly the action of fig juice and " rennet ":--~/]7vva~ ~i~ rb ~d}ta 5~r6r~ 
re  aw~]¢ na~  ~rverla [i,  521-2].  See also if, 4 and iii, 15 in the treatise De par¢ibus 
animalium  (p.  66  and  p.  176  of the  edition of yon Frantzius,  Leipzig,  1853). 
Two  passages in  his  treatise Dc  generatione  animal~um  are  particularly  val- 
uable.  One  is  in  chap.  20  of. Bk.  I.  [Bekker  i,  729]: o[ov~v r~ro~Td'~a~rof~r~¢r, 
rb  tt~v a&pa  rb  7d~ta  ~ari,,  5  6~  5rr6¢, ~]  ~rvr~a .  .  .  In the second [iii, 11;  B. I. 762] 
~tf  has another sense: . . .  ~a~ ~r~yvv~vov r~  a~r~/v ~v  roof b67oi~ ~a't vo~f gtpaat. 
The  "works  of  Hippocrates"  do  not  give  much  information  about  the 
clotting  of  milk  if  we  may  trust  the  indices  of  the  editions  of  Fogsius 
and  of  Littr~.  II/]y,v#t  and  even  vvl~i~Tvv#~  are  used  for the  coagulation  of 
blood  (Littr~  vi,  189, 204;  viii,  594).  The  dictionaries  also  contain a/~/~r~t;~ 
and  note  Homer  as  using  the  verb  in  connection  with  milk  [~d)~a aw~vy~e. 
I1.  5,  902]. 
* Several years ago the opinion of Prof. Goodwin was asked as to the form 
of these words.  He  kindly pointed out  that,  while hmmopexin is  perfectly 
justifiable, galactopexin is rather an awkward compound, though not worse 
than  many  modern  ones.  Prof.  Goodwin also  suggested that  a  good  word 
might be made from the poetic word for milk,  7~d~/o¢,  found in Homer, out 
of which the  (poetic) adjective y)~ayo~r~ was actually formed. 
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mucosa  of  the  stomach.  Langley,*  on  the  other  hand,  found  the 
zymogen in both places in the frog, besides demonstrating its existence 
in the stomach of the dog, cat, mole and rabbit. 
In preparing our extracts the mucous membrane was removed from 
the muscular coat and carefully washed.  It was then cut into small 
pieces,  rubbed up with sand in a mortar, and placed in a considerable 
volume of saturated chloroform water for extraction.  No exact rule 
was adopted as to the proportion of liquid to the quantity of mucous 
membrane, and in a few instances the extracts were possibly too dilute. 
When the stomachs were very small or the muscular layer was very 
thin no effort was made to separate the mucosa, but the entire stomach 
was cut up.  The material came in many cases from animals killed in 
the laboratory; in others it was brought from the slaughter-house.  For 
the opportunity to procure the stomachs of sea fishes we are indebted 
to the courtesy of ~[essrs.  Oscar and Cedric Laighton, of the Isles of 
Shoals, off the coast near Portsmouth, :N. H. 
It  is  evident that under  these  varying conditions the  membranes 
were often put  into the chloroform water several hours  after death. 
The general uniformity of our results shows, however, that such delay 
involves no considerable risk of a  transformation of the pexinogen on 
account of putrefaction.  In one case  (No.  55  of the table) this ques- 
tion was  tested by leaving half a  mucous membrane  exposed  to  the 
air in a warm room for five hours. 
The extract obtained in this way, and which for the sake of brevity 
may  be  called  the  " chloroform  extract,"  is  usually  a  somewhat 
opalescent liquid of a slightly yellow or very faintly red color.  There 
is  often a  considerable admixture of mucus despite  careful washing; 
this is especially noticeable in extracts of the stomach of the pig, and 
such extracts do not filter readily. 
Such chloroform extracts keep pretty well.  By this is meant that 
there  was  usually no  distinct evidence  of putrefaction either  in  the 
appearance  or in the  odor  of the liquid.  These  are  of  course  very 
insui~icient tests of the complete absence of putrefaction, but they are 
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sufficient  for  our  purpose.  The  observations  of  Griinert  show  that 
similar  extracts  may  be  actually  sterile  in  the  bacteriological 
sense.*  The protection afforded by chloroform is far from being un- 
limited,  as has  been abundantly  shown by others.  Some  of our  ex- 
tracts  became  bad  in  a  few weeks,  while  others  remained  good  for 
many months.  This probably depends upon the proportion of chloro- 
form,  that  is  to  say,  upon  the  concentration  of the  extract,  but  we 
have  no  exact information  to  offer  on  this  point.  In  certain  cases, 
particularly  where  the  amount  of  chloroform  water  seemed  rather 
small,  a  few drops  of  chloroform  were  added  to  ensure  saturation. 
It has been shown that  chloroform hinders the  artificial  digestion  of 
fibrin  by pepsin  and  the  coagulation  of milk  by commercial  rennet. 
The delay thus caused is, however, not very pronounced and requires 
larger  amounts  of  chloroform  than  were  used  in  our  experiments, t 
Small amounts of chloroform are said to act favorably and to quicken 
the work of the ferments. 
The transformation  of the inactive pexinogen into the active pexin 
was brought about by acidulation with acetic acid in such an amount 
that the resulting mixture contained one per cent of the acid, no allow- 
ance  being made  for  possible loss of acid  by combination  with  sub  - 
stances in the extract,  ttammarsten  in his  original  work on the fer- 
ment  of coagulation  acidified  his  extracts  with  hydrochloric  acid  so 
added  as to  cause  an  acidity  of one-tenth  per  cent.  In  view of the 
fact that  the  mineral  acids had  been thought  to  act destructively on 
some ferments,  and  also because our acidulated  extracts  often had  to 
be prepared  many  hours before they could be tested,  we decided to 
use acetic acid as less likely to injure the ferment in question.  Our 
experience  shows  that  acetic  acid  readily  transforms  the  pexinogen, 
and also that such acidulated solutions may be kept for a  considerable 
length  of time without any marked injury to the curdling  power of 
the  ferment.  It  may be added  that  we  have  occasionally tried  the 
*A.  Griinert.  Die  fermentative  Wirkung  d.  Diinndarmsaftes.  Inaug. 
Diss., Dorpat,  1890, 23. 
t  Dubs.  Der Einfluss des Chloroforms auf die kiinstliche Pepsinverdauung. 
Vireh.  Arch.,  cxxxiv  (1893),  519.--Benjamin.  Labgerinnung.  Ibid.,  cxlv 
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action  of  hydrochloric acid  in  these  experiments  and  have  grown 
sceptical in  regard  to  the  common opinion  of  its  deleterious  action. 
We hope to examine this point more fully at another time. 
The  acidulated  extracts  were  allowed  to  stand  for  a  number  of 
hours at the temperature of the room.  We have not looked carefully 
into the question of the time and temperature best suited to the trans- 
formation, but have found that if the mixture stand over night (12-.94 
hours)  the  desired  result  is  readily attained.  Such  observations  as 
we have show that this action may be hastened by a  higher tempera- 
ture, say 40 ° C., and that a more dilute acid may be emcient. 
The extract was  then neutralized by the addition of a  convenient 
alkali.  In  most  of the  experiments  with  which  this  paper  is  con- 
cerned we have added sodium carbonate in substance in order to avoid 
further dilution of the extract.  This method has its inconveniences, 
because it is not easy to determine the point of neutralization exactly 
by means of the ordinary test papers.  It has, to be sure, been noted by 
ttammarsten and  others that  clotting occurs  readily even  in  faintly 
alkaline  mixtures,  but  our  experience  has  been  that  even  a  slight 
degree of alkalinity very much lessens  the activity of the ferment in 
such  solutions as  we  employed and  may lead to  absolutely negative 
results.  It  is  probable  that  Hammarsten  used  more  concentrated 
extracts.  This view seems to be  confirmed by the fact that we  also 
had good clottings with an alkaline reaction in our earliest experiments, 
where  our  extracts  were  presumably  more  eoneentrated  than  they 
were  later  when  a  growing  greed  of  experimentation  demanded  a 
larger supply of material.  There is reason to think that the injurious 
action of alkalies stands in some peculiar relation to the concentration 
of the solution of the ferment.  To  this question we hope  to  return 
at another time.  It should be added that the favorable influence of 
a faintly acid reaction has been noted by various observers, particularly 
by Arthus.  ~  This neutralized or very faintly acid extract was then 
This refers to a  degree  of acidity  so Might  that  there is no danger  of  an 
acid  eoagulation  or  precipitation,  as  has  been  shown  by  numerous  control 
experiments.  See the articles by Arthus and Paggs in the Arch. de physiologic, 
xxii  (1890):  Reeherehes  sur  l'aetion  dn  lab  et  la  eoagnlation  du  lait  darts 
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added to milk, usually in the proportion of one part of extract to two 
of milk,  and  the  tubes  were  placed  in  the  digestion  apparatus  and 
kept at about 40 ° C.  Suitable controls of plain milk and of mixtures 
made with boiled extracts were also provided.  The observation lasted 
ordinarily from thirty minutes to an hour and a  half; those coagula- 
tions  which  occurred  after  this  lapse  of  time  were  considered  less 
satisfactory, and such experiments were usually repeated or modified 
to  confirm the results.  A  very  small number  of extracts were pre- 
pared by using a solution of sodium fluoride (1  per  cent)  instead of 
chloroform water,  but no extended test of this substance was under- 
taken. 
The results of our experiments, so far as they relate to the general 
question of the distribution of pexinogen among the vertebrates,  are 
put in tabular form below.  Each animal in the table bears a number 
which refers to the memoranda about it and indicates nothing in ref- 
erence to the time relatively to other experiments.  In the second and 
third  columns are  noted the results  of the  action  of the  chloroform 
extracts (" plain extracts ") on milk and also on fibrin in dilute hydro- 
chloric acid, the mixture having an acidity of 0.2 per cent HC1.  The 
fourth column gives the action  on milk  of the  extracts which have 
been acidulated with acetic acid for a suitable period and then neutral- 
ized (" Extract +  A ").  The signs +  and 0 are used to indicate that 
the results were positive (curdling of the milk, or solution of the fibrin) 
or negative, while a simple line (--) merely means that the correspond- 
ing experiment was not tried with that particular extract.  It should 
be added that each record only gives the general result;  it may, and 
indeed usually does, represent many observations made in very numer- 
ous experiments.  In a column of " remarks "  various comments are 
added whose significance is obvious or will be discussed further on. 
and also one by Arthus: Le labferment est un 61fiment constant de la s6cr6- 
tion gastriqne des mammif~res adultes.  Convptes  rendus  de  la  soc.  de  biol.  de 
Paris,  1894, 178.  l~inger  has also mentioned the importance  of feeble acidifi- 
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TABLE  I. 
;SHOWING  THE  ACTION  OF  THE  PLAIN  CHLOROFORM-WATER  EXTRACT  ON  MILK  AND 
FIBRIN,  AND  THAT  OF  THE  SAME  EXTRACT  ON  MILK  AFTER  TREATMENT  WITH  AN 
ACID  AND NEUTRALIZATION, 
No. 
I. 
1 
2 
3 
82 
II. 
6 
IV. 
7 
8 
85 
86 
VII. 
83 
84 
VIII. 
12 
IX. 
17 
19 
87 
16 
18 
X. 
20 
21 
22 
23 
24 
24a 
Plain  Extract, 
~.  Fibrin 
÷ 
÷ 
+.~ 
+ 
III. 
79 
80 
81 
.+ 
0 
o 
0 
V. 
10  0  --- 
VI. 
11  o  + 
o 
o 
0  0  ? 
°  ; 
0 
o  -- 
0 
o 
0  -- 
o 
o  + 
o 
o 
o 
Extr. +  ,~ 
÷ 
÷ 
÷ 
0 
+ 
0 
0 
07 
O? 
-4- 
÷ 
+? 
[+] 
+  ++ 
+o 
-t- 
Remarks. 
I.  Skate.  Barn-door  skate (Raja laevis). 
82  gave  uncertain  results  when  neutralized  with 
CaCO~. 
II.  Mackerel  shark (Latona cornubica ?). 
III.  Dog-fish (Squalus acanthias). 
t  79  and  80  also  0  for  various combinations  with 
CaCO 3 and CaC12. 
IV.  Cod-fish (Gadus morrhua). 
86 was -~- ? for  CaC03. 
V.  Hake  (Merluccius bilincaris). 
VI.  Pollack  (Pollachius virens). 
VII.  ,,Monk-fish" ("Angler":  Lophius  piscatorius). 
83.  Acidulated extr.  was ~- with aid of CaCI~. 
VIII.  "Tailor"  (Pomatomus  saltatrix). 
Extr.  gave  uncertain  results,  but  treatment  of sub- 
stance with acid and CaCO~ gave an active extract. 
IX.  Frog.  All "winter"  frogs from  tank. 
19.  Stomachs  of 14 frogs in chloroform  water. 
87.  5  stomachs.  Gave -~-  result with CaCO 3. 
f Scraps  of  mucous  membrane  added to milk. 
•  extracts  made. 
No 
X.  Turtle.  (Fseudemys  rugosa ?). 
24.  An  old extract  kept 5~//~ months. 
24a.  The  plain extract  became -~- in 3~  weeks, but 
even then was more  active  after  treatment  with 
acid. Joseph  W.  Warren  485 
TABLE  L--Continued. 
No. 
XI. 
30 
XII. 
31 
XlII. 
29 
XIV. 
32 
XV. 
33 
36 
34 
35 
XVI. 
37 
38 
88 
89 
90a 
90b 
90c 
90d 
90e 
90f 
90q 
90x 
XVII. 
39 
40 
41 
42 
43 
XVIII. 
44 
45 
46 
47 
XIX. 
481 
48'2 
491 
36 
Plain  Extract. 
Milk.  I Fibrin. 
I 
25  0  I  0 
26  2+  o  +0 
0  ? 
o  + 
0  ~ 
0  -- 
o  + 
o  + 
o  + 
o  + 
0  ? 
°  ; 
-~  + 
-g  - 
o  ? 
o  + 
o  ? 
0 
o  _?_ 
o 
o 
0  ! traces 
0  0 
o  0 
o  0 
o  o 
o  ; 
o 
o  -- 
Extr.  +  ~..] 
Milk.  [ 
[++] 
0 
+ 
+ 
+ 
[+] 
+?- 
+ 
0 
07 
+ 
0 
t+o! 
c+] 
[+] 
E+] 
+ 
0? 
o 
0 
0 
o 
++ 
+ 
+ 
Remarks, 
,,_i_+  CaCO 3.  25.  for 
27.  Also 0  for CaCO3. 
XI.  t 
Chicken.  In 30  &  31 
Two or three,  no  separa- 
tion of the 
XII.  "Partridge"(Ortyx  virginianus ?).  stomachs 
Three  stomachs,  was made. 
XIII.  Pigeon. 
Proventriculus.  The  crop was also -~- (for CaCOs). 
The extract of the gizzard was altogether negative. 
XIV.  Snake. 
-~- for CaCO s. 
XV.  Opossum  (Didelphys virgiuiana). 
Fluoride  extract. 
XVI.  Rat. 
37 was -~- for  CaCOa.  Stomach  full. 
38.  HC1 used here instead of acetic acid. 
]  89.  HC1.  0forCaCO  3. 
Stomach partly full.  -~ for CaC03. 
Stomach full.  ? for CaCOs. 
"  "  --~ for CaC03. 
"  "  ~- for  CaCO.~. 
"  "  -~ for  CaCO 3. 
Stomach empty. 
XVIL  Mouse. 
Number  not noted.  ? in 75 minutes. 
"  "  "  Acidulated for 5  days. 
"  "  "  Very young and full of milk. 
Acidulated for 5  days. 
Two stomachs'  full.  ? for calcium compounds. 
XVIII.  Rabbit. 
Acidulated 3  days,  and also 10/ at 40  °  C. 
Acidulated 3  days. 
Stomach full. 
2  young  rabbits.  -~- for CaC03,  but  0  about  three 
weeks later. 
XIX.  Sheep.  Fourth  stomach. 
Fundus  portion. 
Pylorus  ,, 
Fundus.  Plain  extract  became-~  in  5  days with- 
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TABLE  I.--Contln~ted. 
1'7o. 
65 
641 
64'~ 
Plaln Extract. 
Milk.  Fibrin. 
501  0  -- 
50~  0  -- 
XX. 
,~1  o  + 
531  -~  ~_ 
53'~  ~-- 
•  ~4~  +  + 
XXI. 
74  --  -- 
75  0 
78 
761  0 
76  '2  0 
771  0  -~ 
77~  0  -- 
XXII. 
5,~  0  + 
56a  0 
56b  0 
56c  0  -~- 
57a  0  _~_ 
57b  0 
58  0  _~ 
•  qfa  0 
(.)fb  --  -~v 
591  0 
59~  0  0 
911  0 
9l .0  0 
931  0 
93~  0 
XXIII. 
60a  0  -- 
60b  0  _~_ 
60c  0 
61a  0  -- 
61b  0  ~_ 
61c  0 
6~  o  + 
63  o  + 
o  o 
o  + 
0 
Extr. +  A.i 
Milk. 
l~emarks. 
0 
+ 
+ 
+ 
+ 
o  + 
+ 
+o 
+ 
+ 
F 
F 
F 
F] 
F] 
F 
0 
~-] 
o 
H- 
[+] 
$ 
:  Pylorus.  Plain  extract  was 0  after  3  weeks. 
:Fundus.  Plain  extract  became  -[- like  491. 
Pylorus.  Plain  extract  -~  in 5  days and bad. 
i 
XX.  Ox.  Fourth  stomach. 
Plain extract  0 after 14 days.  It was -~- when tested 
a  year  later,  but  even  then  treatment  with  acid 
quickened  its action  very much. 
Fundus.  t  In  each case  treatment  with  acid greatly 
Pylorns.  ~  increased  tile  activity  of the  extract. 
Calf.  Fundus. 
"  Pylorus. 
XXI.  Pig. 
An old glycerin  extract  of uncertain  age containing 
some HC1. 
Glycerin extract,  about  2  years old. 
An acid (HC1,  0.2~)  extract,  about  3  years old. 
Fundus. 
Pylorus. 
Fundus.  I  Same results after four months,  although 
Pylorus.  ~"  the  odor of each extract  was bad. 
XXII.  Dog. 
Similar  results  were .obtained  with  a  longitudinal 
half  of  the  mucous  membrane  exposed  to air in 
a  warm  room  for 5  hours  before  extraction. 
a  is the chloroform  extract of a longitudinal  half of 
}  the  mucosa;  b is a  glycerin  extract  of the  other 
half;  c is a  chh)roform  extract  of  the  substance 
used for b. 
was  a  fluoride  extract  which  decomposed  in  5 
weeks  and before  it was tried  with  acid. 
Stomach  full. 
b  was an HC1 extract  of half  the  stomach. 
Fundus.  ~ Only tried  with  CaCO3. 
Pylorus. 
Fundus. 
Pylorus.  Also 0  for calcium  salts. 
Fundus. 
Pylorus.  Best results  with  calcium  salts. 
XXIII.  Cat. 
i 
a  is a  chloroform  extract  of a  longitudinal  half  of 
the  mucosa ;  b  is a  glycerin  extract  of  the  other 
half;  c  is a  Chloroform  extract  of the  substance 
extracted  for b. 
60b,  after  acidulation,  was  much  less  active  than 
60c. 
-z  y  for acidulation  during  3  days, but  0  when  acidu- 
lated for 4  months. 
65.  Stomach  full  -~- for CaCO  3. 
Fundus. 
Pylorus. Joseph  W.  Warren 
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No. 
661 
66e 
67 
68 
69 
70 
7~o 
Plain Extract. 
Milk.  ~lhrin 
o  ; 
Or?  o  t  e 
0 
O"  -- 
0  0 
Extr. +  ~"1 
Milk. 
+ 
+o 
Remarks, 
Fundus.  t  Stomach  full. 
Pylorus.  ~ 662 -~-  only for calcium  salts. 
Kittens. 
Age not  noted.  Acidulated  8  days. 
1  week  old.  Acidulated  9  days. 
2-3 weeks  old.  Acidulated  6  days. 
Born  dead.  Extract  kept  170  days.  Acidulated  1 
and also  3  days. 
Four  together.  One week  old.  Stomachs  full.  0 
also for calcium  salts. 
TABLE  II. 
BESIDES  THE  OBSERVATIONS OF  TABLE  I  A  CERTAIN NUMBER  WERE  MADE ON  MATERIAL 
PRESERVED  IN  STRONG  (95~)  ALCOIIOL  FOR  VARIOUS  LENGTHS  OF  TIME~ AND  THEN 
EXTRACTED  WITH  CHLOROFORM  WATER.  THE  ESSENTIAL  NOTES  ARE AS  FOLLOWS : 
Time 
~'o-  In 
alcohol. 
24 d. 
5  30 d. 
9  28 d. 
9a  28 d. 
2  mos. 
3a  1  14 d. 
5a  "2  14 d. 
1  5  mos. 
3  5  mos. 
Plain Extract. 
Milk,  Fibrin. 
0  -- 
0  0 
o  o 
0 
0  0 
o  + 
o  o 
0  0 
o  0 
Extr. +  ~_.  Remarks. 
Milk. 
o 
0 
0 
0 
i  o 
[+] 
[+] 
O? 
0? 
Skate• 
Dog-fish.  Also 0  for  CaCO3. 
Cod-fish.  Also 0  for CaCOs. 
Gull.  Also 0  for CaCO  s. 
I  Ox.  Fundus  and  pylorus,  part  of  the  materit 
used for 531  and 53e of  Table  I.  Both  acid1 
lated extracts  q- for CaCOa. 
Kittens.  (Age  ?).  Stomachs  full.  Extractio 
of substance  of mucosa  with  acetic acid gave a 
active extract  when  neutralized  with  CaC03. 
Kittens.  (Age  ?).  Stomachs  empty,  q-  whe 
substance  is treated  as in  71. 
An  examination  of Table  I  shows that  the  milk-curdling  ferment 
was  extracted  by  chloroform  water  in  an  active  form,  as  pexin, 
from the  stomachs of only two animals,  an  ox (53)  and  a  calf  (54), 
being present here in both the pylorie and fundal portions of the organ. 
In another ox (51) the extract was inactive,  despite the fact that  the 
extraction had lasted two weeks.  The current view, based mainly on 
the  researches  of  Hammarsten,  is  that  an  active  ferment  may  be 
obtained from the stomach  of the  sheep  as well as from  that  of the 
calf.  The  observations  tabulated  above  were  made  on  three  sheep 
(48, 49,  50)  and do not confirm this view.  It is of course quite pos- 
sible tha~  a  more extended series would give a  different result,  but it 488  Milk-Curdling  Ferment  in  the  Gastric  Mucous  Membrane 
is  equally  possible  that  a  more  extended  study  of  the  ox  stomach 
would alter our views concerning that animal. 
The table also contains memoranda  of fifty-three different stomachs 
which  gave  up  pexinogen  to  the  extracting  liquid~  as  shown  by its 
behavior  after  treatment  with  a  dilute  acid.  Of  these  fifty-three 
animals, thirty-three are mammals and twenty belong to other divisions 
of the vertebrates;  absolutely negative results are noted for seventeen 
stomach%  and  eleven of these  cases belong to  the mammalian  group. 
The~e are fifteen stomachs recorded whose extracts gave positive results 
under  special  conditions  which  will  be  discussed  below.  There  are 
also two stomachs whose classification is doubtful. 
The  absolutely negative  cases are  mostly scattered  among  positive 
experiments in the table, and a general explanation of them is not easily 
found.  The  mice  (~os.  39-43)  are  perhaps  an  exception.  With 
regard to these it may be said that they were of course small,  and it is 
therefore quite probable that the extracts were more dilute than usual. 
The  extent to which  the  dilution  of the  ferment  affects the.  curdling 
of milk has evidently not been fully worked out~ and our attention was 
not  directed  to  this  danger  until  the  experiments  were  practically 
finished.  Later  observations, as yet incomplete,  ha~e shown that  the 
dilution  of the ferment really does play a  curious part in  the process 
of coagulation.  The same explanation  may be offered for one of the 
very young rabbits  (47)7  for  the  kittens  numbered  70  and  72,  and 
perhaps for the snake (32). 
The  condition  of  the  stomachs  is  noted,  most  unfortunately,  for 
only twenty-two of the  eighty-seven stomachs under  discussion.  For 
five the record reads  " empty,"  so that  seventeen  contained  more  or 
less food.  Thirteen of these are among the stomachs which gave abso- 
lutely  negative  results  or where  the  existence  of the  pexinogen  was 
only shown by the special treatment.  It  may therefore  be inferred 
that an extract from a gastric mucous membrane which has been secret- 
ing freely/or purposes of digestion is not as rich in pexinogen as that 
from a resting membrane. 
The acidulated extracts were commonly neutralized  by  adding car- 
bonate or bicarbonate of sodium in substance.  The determination  of Joseph  W.  Warren  489 
the exact point of neutralization  by means  of the  ordinary  indicators 
presented some difficulties, and these were not lessened by the experi- 
ence that some of our extracts were unexpectedly sensitive to alkalies. 
We tried also neutralization  by means of calcium carbonate.  This is 
theoretically  a  simple  process,  but  it  was  found  to  be  much  more 
uncertain with extracts containing  acetic acid than when hydrochloric 
acid has been used.  The  circumstance  that  we should  thus  increase 
the  calcium  salts  in  solution  seemed  to  be  an  additional  advantage, 
since many investigators have found such a procedure helpful.  Cal- 
cinm carbonate was also tried in a number of cases where neutralization 
with  sodium  carbonate  had  given  negative  results,  and  in  some the 
addition of calcium chloride was also tried.  Here belong the experi- 
ments mentioned  above as showing pexin under special conditions of 
treatment.  Concerning these it may be said that many extracts which, 
despite treatment with acid for a suitable time, do not coagulate milk, 
will  do  so when  certain  amounts  of  calcium  compounds  are  added. 
Something  like  this  has  been  noticed  by  others,  but  has  generally 
been explained  as  due  to  a  deficiency of calcium  in  the  milk.  The 
observations of this paper do not give us material for any final opinion 
on  this  subject.  Taken  in  connection  with  some  other  unfinished 
experiments  they do, however,  enable  us to  say tentatively  that  the 
deficiency of calcium in these  cases is not necessarily a  defect of the 
milk which happens to be used, but stands probably in some relation 
to the amount of the ferment and perhaps also to the chemical reaction 
of the solution.  In  addition  to a  few cases where  only calcium  car- 
bonate was used there  are  twelve extracts  which were negative when 
neutralized with sodium carbonate, but positive when calcium carbonate 
was employed. 
The  experiments  with  absolutely negative  results  call  for  a  brief 
comment.  Five of them were tested only with sodium carbonate, and 
the remaining twelve were negative despite a possibly insufficient addi- 
tion  of  calcium  carbonate.  The  dilution  of  the  extracts,  already 
suggested as a  partial  explanation  of certain  cases,  can hardly be the 
cause of failure in the case of some of the rats  (90d~ 90g) and kittens 
(70,  72),  since  other  stomachs in the  same  groups  and  of  equal  size 490  Milk-Curdling  Ferment  in  the  Gastric  Mucous  Membra~e 
and fulness gave positive results.  The failure of the pig extract  (78) 
may be due to its age and to its acidity,  although  some of our experi- 
ences have made us sceptical as to the accepted view that the curdling 
ferment is rapidly destroyed by the digestive juices.  Striking,  too, is 
the fact that  not one  of the  dog-fish yielded an  active  extract,  while 
positive results were common for the related  skate  and  the mackerel- 
shark.  We shall  look into  this  question  again  when  we can  get the 
material. 
We have made  a  limited use of glycerin as an extracting  and pre- 
serving  medium.  Our  results  are  somewhat  discordant.  The  mem- 
oranda  concerning the dog  (56) and  the  two cats  (60,  61)  show that 
glycerin does not extract the pexinogen from these stomachs as readily 
as  chloroform  water  does.  Both  the  glycerin  extracts  from  the  pig 
(74, 75) contained the curdling ferment..  These extracts were old and 
of somewhat uncertain  origin,  so that  much importance  ought not to 
be attached to them.  Recent study of the stomach of the  pig makes 
it probable that glycerin does extract  the  zymogen from it with  con- 
siderable ease. 
As  a  control  we have  used  water  for  extracting  the  ferment  in  a 
few cases which  do not  appear  in  the  table.  Such  extracts  became 
putrid,  of course, in a  few days and thus enabled us to make a  small 
number  of observations concerning  the  action  of putrefaction  in  the 
pexinogen.  The change in  odor was taken to be indicative  of putre- 
faction.  Our  memoranda  refer  to  aqueous  extracts  of  parts  of 
stomachs of two sheep (49, fundus and py]orus;  50, pylorus) and two 
pigs  (76,  fundus  and  pylorus;  77,  fundus),  other  portions  of 
the same stomachs having been used for chloroform extracts.  All six 
extracts  were  still  inactive  at  the  end  of  twenty-four  hours,  and 
two  (77  and  50)  were  not  tested  further.  One  (49,  pylorus) 
remained  negative  for  several  days,  althollgh  malodorous,  while  the 
fundus extract of the same sheep was active on the third day, although 
putrefaction was not otherwise noticeable until  the fifth or sixth  day. 
Both the water extracts of the other pig (76) had become active after 
five  days  and  also  offensive.  The  number  of  observations  is  small, 
but the  conclusion  seems warranted  that  putrefaction,  at  least  in  its Joseph  W.  Warren  491 
earlier stages, sets the ferment free.  This view is favored, too, by the 
experience that chloroform extracts become active when putrefaction 
sets in, as appears in the notes of the table for one of the turtles (24a) 
and  for two  of the sheep  (49,  50).  This  influence of  putrefactive 
changes is of importance from another point of view.  It has doubtless 
attracted the attention of the reader that the early investigators, Spal- 
lanzani and Hunter, found active extracts in many instances without 
any acidulation or other special treatment, while such extracts are the 
exception in  the researches of  Hammarsten  and those noted in  this 
paper.  It  might  be  urged  that  the  presence  of  chloroform has  in 
some way modified our  results,  but,  for reasons  already sufficiently 
detailed, we do not believe that to be the case, and certainly no such 
objection can be urged against the observations of Hammarsten.  If 
it be assumed that the extracts of Spa]lanzani and Hunter had under- 
gone  some  slight  putrefactive changes~  too  slight  perhaps  to  attract 
much aitention, we can then understand how these authors found their 
extracts so frequently active.  It should also be  borne  in mind that 
their records seem to contain only the positive results, perhaps merely 
generalizations,  and  certainly  without  any  detailed  account  of  the 
experiments. 
Table  II  giving  results  obtained  where  the  material  has  been 
preserved  in  alcohol  presents  some  points  of  interest.  The  dog- 
fish may be at once excluded, since e~lually negative results were found 
without alcohol.  For the rest it may be noted that the most efficient 
extracts  were  those where the  action  of the  alcohol  had  lasted  the 
shortest time.  We also tried  the  effect of alcohol on  active  chloro- 
form  extracts  and  found  the  precipitate  still  active  after  seventeen 
days'  exposure  to  the  alcohol.  It  is  evident  that  the  influence  of 
alcohol on the ferments in the mucous membrane itself needs further 
study.* 
The records of this  paper relate only to  the gastric  mucous mem- 
brane of vertebrates.  We hate also made extracts from the alimentary 
* The  irregularity  in the  action  of  alcohol has  attracted  the  attention of 
other  investigators.  Cf.  p.  70  of  Podwyssozki's article:  Zur  Methodik  der 
Darstellung yon Pepsinextraeten.  Pfliiger's Arch., xxxix, 62. 492  Milk-Curdling  Ferment  in  the  Gastric  Mucous  Membrane 
tract of the lobster and have satisfied ourselves that it  too sometimes 
gives  up  to  chloroform water  a  substance  which,  when  acted  upon 
by an acid and then made neutral with calcium carbonate~ coagulates 
mill<.  It is therefore probable that pexin is not confined to the verte- 
brate  digestive apparatus,  and we hope  to  be able  to search further 
for it among invertebrates.  That a milk-curdling ferment exists in the 
juices o~ many plants is already well known. 